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INTRODUCTION 


According  to  the  UICC/Cincinnati  (U/C)  Classification  of 
1970,  three  types  of  rounded,  regular  opacities  may  be  found  on  the 
chest  radiograph  of  subjects  with  simple  coal  workers'  pneumoconiosis, 
(simple  CWP)  or  as  a  background  in  the  complicated  form  of  CWP  known 
as  progressive  massive  fibrosis  (PMF).1  The  smallest  opacities, 
those  less  than  1.5  mm.  in  diameter,  are  known  as  pinhead  (p).  Those 
between  1.5  and  3  mm.  are  called  micronodular  (q)  (or  (m)  in  the 
British  literature).  Those  between  3  and  10  mm.  are  called  nodular 
(r)  (or  (n)  in  the  British  literature).  The  discreteness  of  the 
categories  is  due  to  an  arbitrary  cut-off  of  points  imposed  by  man 
and  not  to  any  known  pathological  or  physiological  distinction  between 
the  three  types  of  regular,  rounded  opacities.  On  first  impression, 
the  continuum  of  sizes  seen  on  the  chest  x-ray  suggests  an  orderly  and 
simple  progression  from  smallest  to  largest  opacity.  On  the  other 
hand,  the  radiologists  who  made  up  the  U/C  classification  may  have 
intuitively  separated  rounded  opacities  into  radiologic ally,  and 
possibly  pathophysiologic ally,  distinct  categories.  There  could  be 
a  distribution  about  three  separate  means  representing  three  distinct 

1.  See  the  Appendix  for  definitions  of  simple  and  complicated 
coal  workers'  pneumoconiosis  and  progressive  massive  fibrosis.  See 
the  Appendix  also  for  a  description  of  the  U/C  classification. 
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types  of  lesions  which  could  have  been  discerned  by  the  radiologists 
unconsciously  in  their  chest  x-ray  reading  experience  (see  Fig.  1).  On 
the  other  hand,  if  p,  q  and  r  are  categories  imposed  on  a  continuum  of 
opacities  ranging  in  size  from  less  than  1.5  mm.  to  10  mm.,  the 
distribution  would  be  similar  to  that  depicted  in  Fig.  2. 

The  alternative  hypotheses  could  be  evaluated  through  a  cohort 
study.  In  such  a  study,  if  the  hypothesis  of  radiographic  progression 
is  supported,  one  would  expect  to  see  lesions  of  larger  size  appear 
out  of  lesions  of  smaller  size  with  time.  If  the  hypothesis  of 
differing  pathophysiology  of  lesions  is  valid,  one  would  expect  to 
see  different  sized  lesions  appear  in  different  subjects  at  different 
times.  Increase  in  radiographic  size  category  with  time  for  each 
subject  would  not  be  expected. 

The  hypotheses  could  also  be  tested  by  a  prevalence  study, 
although  the  conclusions  might  be  less  firmly  established.  One  would 
look  to  see  if  increase  in  radiographic  size-category  is  associated 
with  increased  dust  exposure  or  whether  other  variables  account  for 
differences  in  radiographic  category. 

The  present  study  was  an  attempt  to  determine  whether  the 
different  radiographic  opacities  represent  pathophysiologic ally 
different  lesions.  The  major  approach  used  was  to  look  at  the  number 
of  years  spent  underground  by  the  miners  whose  chest  x-rays  show  the 
different  rounded  opacities  in  an  assessment  of  the  effect  of  the 
amount  of  dust  exposure  on  the  differential  occurrence  of  the  types. 
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If  q's  develop  out  of  p's  with  increasing  dust  exposure,  one  would 
expect  to  see  something  like  the  pattern  shown  in  Fig.  3*  The  per¬ 
cent  of  the  total  number  of  opacities  which  are  p  would  actually 
decrease  at  the  dust-exposure  levels  where  q's  appear.  If  on  the 
other  hand  p's  and  q's  both  arise  de  novo  from  a  clear  chest  x-ray 
but  q's  require  a  greater  dust  exposure  for  development,  one  would 
expect  to  see  the  pattern  shown  in  Fig.  i*.  The  percent  of  the  total 
number  of  opacities  which  are  p  would  not  decrease  at  the  dust 
exposure  levels  where  q's  appear  because  existing  p  opacities  remain 
as  p  opacities. 

Further  evidence  in  support  of  one  or  the  other  of  the  hypotheses 
proposed  can  be  obtained  by  studying  the  relation  of  opacity-type  to 
profusion  category.  Jacobsen  et  al.  (1)  have  shown  that  there  is  an 
increase  in  profusion  category  with  increasing  dust  exposure.  Thus 
if  q's  develop  out  of  p's  with  increasing  dust  exposure,  the  pro¬ 
gression  of  type  would  correlate  with  the  progression  of  profusion. 

One  would  then  see  fewer  p's  in  the  more  profuse  categories  and  fewer 
q's  in  the  less  profuse  categories.  If,  on  the  other  hand,  p's  and 
q's  both  arise  de  novo  from  a  clear  chest  x-ray  at  the  same  dust 
exposures,  one  would  expect  the  distribution  of  profusion  to  be  the 
same  in  the  two  types,  assuming  other  factors  such  as  a  differential 
drop-out  rate  are  not  active. 

The  purpose  of  this  investigation  is  to  gain  a  better  understand¬ 
ing  of  the  nature  of  p,  q,  and  r  types  of  rounded  opacities  seen  on 
chest  x-ray  in  coal  workers'  pneumoconiosis.  This  is  done  not  only 
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by  studying  the  relationship  of  indices  of  dust  exposure  to  type  of 
rounded  opacity  but  also  by  looking  at  1)  regional  distribution,  to 
determine  whether  the  type  of  coal  dust  influences  the  development 
of  a  particular  type  of  lesion;  2)  smoking  history,  to  determine 
whether  smoking  predisposes  to  the  development  of  one  or  another  type 
of  lesion;  3)  pulmonary  function  tests  (PFT's),  to  see  whether 
one  or  another  type  is  marked  by  a  particular  functional  abnormality; 
it)  the  types  as  they  appear  as  background  for  PMF,  to  determine 
if  one  type  is  more  frequently  associated  with  PMF  and  if  such 
increased  frequency  could  be  explained  by  associated  factors  such 
as  amount  of  dust  exposure  or  profusion  of  lesions. 
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MATERIALS  AND  METHODS 


A  nationwide  survey  of  the  prevalence  of  coal  workers’  pneu¬ 
moconiosis  and  functional  impairments  related  to  CMP  has  been  carried 
out  by  the  U.S.  Public  Health  Service.  9*076  coal-mine  workers  from 
31  mines  were  studied.  This  represented  90.5  percent  of  all  the  men 
employed  at  these  mines.  Of  the  9*076  coal  miners,  2*1*83  were  judged 
to  have  simple  coal  workers'  pneumoconiosis  of  x-ray  profusion  cate¬ 
gory  1/0  or  greater.  In  1*255  of  them  there  was  agreement  of  at 
least  two  of  three  independent  x-ray  readers  on  the  predominant  type 
of  small,  rounded  opacity  present  in  the  chest  radiograph,  viz., 
pinhead  (p),  micronodular  (q)  or  nodular  (r)  (U/C  Classification). 

In  187  of  the  9*076  surveyed,  there  was  agreement  of  at  least  two  of 
the  three  independent  observers  as  to  the  presence  of  progressive 
massive  fibrosis.  The  same  criterion  was  used  for  determination  of 
the  profusion  category  of  background,  small  rounded  opacities  and 
the  predominant  stage  (A,  B,  or  C)  of  large  opacities  in  the  pro¬ 
gressive  massive  fibrosis.  The  remainder  of  the  population  surveyed 
consists  of  1)  subjects  in  whom  agreement  could  not  be  reached  con¬ 
cerning  the  type  of  small,  rounded  opacity;  2)  subjects  in  whom 
irregular  opacities  predominated;  3)  subjects  with  chest  x-rays 
of  less  than  profusion  category  1/0;  and  1*)  subjects  with  PMF  with 
no  background  of  rounded  opacities.  Figure  5  lists  the  composition 
of  the  population  by  radiographic  type  of  opacity. 
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For  function  tests,  since  it  is  virtually  impossible  to  obtain 
a  satisfactory  control  group  for  each  mine  in  each  geographic  region 
of  the  United  States,  an  internal  control  group  of  601  subjects  was 
selected  for  use  in  comparing  pulmonary  function  in  this  study.  The 
601  controls  were  selected  on  the  basis  of  the  following  criteria: 

1.  The  chest  x-ray  showed  no  evidence  of  PMF  and  was 
read  as  category  0  for  simple  CWP. 

2.  The  forced  expiratory  volume  in  one  second  over  forced 
vital  capacity  ratio  was  greater  than  or  equal  to  70 
percent . 

3*  The  subject  denied  persistent  phlegm,  or  persistent 
cough  with  moderate  phlegm,  for  at  least  three  months 
out  of  the  year,  and  had  no  shortness  of  breath  walking 
up  a  slight  hill  or  hurrying  on  level  ground,  or  chest 
illnesses  within  the  past  three  years. 

Two  of  the  thirty-one  mines  were  anthracite  mines j  all  the  rest 
were  bituminous  mines.  The  geographical  distribution  of  the  mines 
and  the  number  of  subjects  surveyed  at  each  mine  are  listed  in 
Figure  6. 

Each  subject  underwent  a  limited  medical  examination  which 
consisted  of  administration  of  the  Medical  Research  Council  (MRC)  of 
Great  Britain  Long  Questionnaire  on  Chronic  Bronchitis  and  an  occupa¬ 
tional  history  and  standard  postero-anterior  and  lateral  chest  films. 
The  subjects  performed  spirometry  on  an  Electro  Med  780  waterless 
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spirometer.  After  two  practice  maneuvers,  three  forced  expiratory 
volume  maneuvers  were -performed  on  the  spirometer.  These  were 
recorded  as  flow-volume  loops  on  a  recording  oscilloscope  and  then 
photographed  with  a  polaroid  camera.  From  the  loops  the  largest 
forced  expiratory  volume  in  one  second  (FEV^)  and  the  largest  forced 
vital  capacity  (FVC)  were  derived.  Total  lung  capacity  (TLC)  was 
measured  from  the  FA  and  lateral  chest  radiograph  by  the  method  of 
Barnhardt  et  al.  (2)  Residual  volume  (ft?)  was  obtained  by  sub¬ 
tracting  the  largest  FVC  from  the  measured  TI£. 

The  1,255  coal  miners  were  grouped  according  to  five  geo¬ 
graphical  regions  for  the  purpose  of  determining  whether  the  type 
of  dust  to  which  the  coal  workers  were  exposed  was  related  to  the 
type  of  rounded  opacities  seen  on  chest  x-ray.  The  five  regions 
are  I,  anthracite  —  Eastern  Pennsylvania;  II,  northern  Appalachia; 
III,  central  Pennsylvania  and  southern  Appalachia;  IV,  midwest; 

5,  West  (see  Fig.  6).  These  groupings  geographically  roughly  corres- 

1 

pond  to  the  rank  of  coal  which  is  mined  in  those  particular  regions. 
Thus,  the  central  Pennsylvania  and  southern  Appalachian  regions  are 
considered  together,  although  geographically  discontinuous,  because 
they  have  roughly  the  same  rank  of  coal.  The  order  of  regions,  then, 
by  rank  of  coal,  from  highest  to  lowest,  is  Region  I,  anthracite; 
Region  III,  Central  Pennsylvania  and  southern  Appalachia;  Region 
II,  northern  Appalachia;  Region  IV,  midwest;  and  Region  V,  west. 


1.  See  the  Appendix  for  definition  of  rank  of  coal. 


1 


r 


.  i  IS  '.\ 

u  u  i  id  /  *n 


'Hi';-.  -  "i-iuj.'i  . .h-..- 


.+  h 


i. 


w  c- 


>c 


!  '  • 


/r._:  ' v 


f 


6 


Both  the  age  and  the  number  of  years  spent  underground  of  the 
1>2^5  miners  with  rounded  small  opacities  were  examined  according 
to  the  type  of  opacity  (p,  q,  and  r) .  The  subjects  were  divided 
into  six  age  groups  by  ten-year  intervals  and  into  six  ten-year 
groups  according  to  time  spent  underground.  The  mean  age  and  years 
spent  underground  were  also  calculated  for  the  three  groups  with 
small  opacities. 

The  three  types  of  rounded  opacities  in  simple  CWP  were  broken 
down  into  profusion  category  and  the  prevalence  of  each  type  of 
opacity  in  each  of  the  three  major  profusion  categories  (1,  2,  and 
3)  were  compared. 

The  mean  values  for  spirometric  test  and  lung  volumes  of  the 
non-smoking  subjects  with  the  three  types  of  rounded  opacities  in 
simple  pneumoconiosis  were  calculated  and  compared  with  the  control 
group.  These  means  were  adjusted  for  age  and  height  by  the  technique 
of  analysis  of  covariance.  The  r’s  have  been  excluded  from  considera¬ 
tion  as  there  were  only  six  subjects  with  r  opacities  who  were 
non-smokers . 

The  subjects  with  PMF  and  a  background  of  rounded  opacities 
were  analyzed  in  terms  of  the  geographical  region,  divided  into 
anthracite  and  bituminous  regions. 

Smoking  status  for  subjects  with  PMF  was  analyzed  according  to 
background  opacity  of  p,  q,  and  r  type. 

The  mean  age  and  mean  number  of  years  spent  underground  of  the 
187  miners  with  PMF  and  a  background  of  small  opacities  were  analyzed 
according  to  the  type  of  background  opacity  and  stage  of  PMF 
(A,  B,  or  C). 
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The  types  of  rounded  opacities  seen  as  background  in  PMF 
were  broken  down  into  profusion  categories,  and  the  percent  of  each 
type  of  opacity  in  each  of  the  three  major  profusion  categories 
(1,  2,  and  3)  were  examined.  For  a  comparison  of  profusion  category 
by  type  in  simple  complicated  CWP,  a  ’'mean11  profusion  was  determined 
by  weighting  each  subject  by  his  profusion  category  number  and 
taking  the  mean  for  each  type. 

The  three  types  of  rounded  opacities  seen  as  background  in 
PMF  were  analyzed  in  terms  of  the  extent,  or  stage,  of  PMF  (A,  B,  or 
C)  and  the  percent  of  each  type  of  background  opacity  in  each  of 
the  three  major  stages  of  PMF  were  compared. 

Data  were  analyzed  statistically  by  the  Chi  Square  and  T 
tests  for  significance  at  the  five  percent  level.  The  T  test  was 
applied  to  the  data  for  mean  age  and  years  underground  for  coal 
workers  with  simple  pneumonconiosis  and  to  the  data  on  pulmonary 
function  tests.  Multiple  tests  on  the  pulmonary-function- test  data 
were  made  at  the  one  percent  level  for  validity  at  the  five  percent 
level.  Significance  of  differences  mentioned  below  refers  to 
differences  significant  at  the  five  percent  level  as  determined 
by  the  above  methods. 
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RESULTS 

SIMPLE  COAL  WORKERS'  PNEUMOCONIOSIS 


Of  the  1,255  coal  workers  found  to  have  simple  CWP  with  rounded 
opacities  of  category  l/O  or  greater  profusion,  322  ( 25 • 7  percent) 
had  p  opacities;  880  (70.1  percent)  had  q  opacities;  and  53  ( 2 
percent)  had  r  opacities. 

REGION 

Figures  7  and  8  show  the  distribution  of  p,  q,  and  r  types  of 
opacities  by  region  for  simple  pneumoconiosis .  p  lesions  are  most 
prevalent  in  Region  I,  anthracite,  and  decrease  in  prevalence  from 
Region  I  to  Region  V  in  numerical  order.  The  regional  differences 
are  significant.  The  major  differences  in  prevalence  are  seen 
between  Regions  II  and  III  and  Regions  17  and  V.  q  lesions  show  a 
prevalence  pattern  by  region  almost  reciprocal  to  p  lesions,  with 
the  highest  regional  prevalence  in  the  Region  V,  west,  and  a  decrease 
in  prevalence  from  Region  V  to  Region  I  in  numerical  order.  These 
differences  are  significant,  r  type  opacities  show  a  prevalence 
pattern  which  bears  no  obvious  relationship  to  the  p  and  q  patterns. 
The  order  from  highest  to  lowest  prevalence  by  region  for  r  is  V,  I, 
III,  II,  IV.  There  were  no  significant  differences  when  analyzed  in 
the  same  way  as  were  the  p  and  q  types  of  opacities. 
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SMOKING  HISTORY 

The  data  on  the  smoking  history  for  each  type  of  small  opacity 
of  simple  pneumoconiosis  are  shown  in  Figure  9*  The  number  of  smokers 
in  the  population  with  small  rounded  opacities  of  simple  pneumoconi¬ 
osis  did  not  differ  significantly  according  to  type  of  opacity.  There 
were  more  ex-smokers  and  fewer  non-smokers  among  the  r's  than  either 
among  the  p's  or  q's. 

AGE  AND  YEARS  UNDERGROUND 

The  data  for  age  are  found  in  Figures  10  and  11.  Although 
for  all  three  types  the  peak  prevalence  decade  was  £0-59  years  old, 
the  distribution  curve  for  r  densities  was  significantly  shifted 
towards  the  older  decades  in  comparison  to  qj  p  densities  were 
intermediate  between  q  and  r.  This  relative  distribution  of  r 
densities  is  even  more  striking  in  regard  to  years  spent  underground. 
Here  also  p  tends  to  be  intermediate  between  r  and  q  (see  Figures  12, 
13,  111,  15,  and  16).  The  q's  had  the  lowest  mean  age  and  number  of 
years  underground,  and  the  r's  had  the  highest  with  the  p's  falling 
in  between  (see  Figures  17  and  18).  The  differences  in  mean  age 
were  significant  as  was  the  difference  in  the  mean  number  of  years 
spent  underground  between  the  subjects  with  q  opacities  and  those 
with  r,  but  not  for  the  difference  between  subjects  with  p  opacities 
and  those  with  r.^  When  broken  down  by  region  the  same  relationship 

1.  The  data  on  age  and  years  underground  were  analyzed  by 
breaking  it  down  into  time  periods,  as  well  as  by  calculating  the 
means,  in  order  to  aid  in  assessing  the  differences  in  distribution 
by  type.  However  such  data  are  difficult  to  analyze  statistically 
because  of  the  increased  number  of  comparisons  of  smaller  population 
groupings.  Therefore  statistically  speaking  the  significance  of  the 
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seemed  to  hold,  viz.,  the  mean  age  and  mean  number  of  years  spent 
underground  tended  to  be  higher  among  the  r's  than  among  the  q's, 
with  the  p's  being  intermediate,  except  for  Region  V  where  the  r's 
had  fewer  mean  years  underground  than  the  p's.  However,  there  were 
only  three  r's  in  that  region,  so  the  sample  is  too  small  to  allow 
any  conclusions  to  be  drawn.  (See  Figures  17  and  18). 

PROFUSION  CATEGORY 

The  data  for  profusion  category  are  shown  in  Figures  19  and  20. 
In  subjects  with  category  1  radiographs  there  was  a  significantly 
greater  percent  of  q's  than  p's,  and  of  p's  than  r's.  The  reverse 
order  was  seen  in  the  subjects  with  categories  2  and  3  profusion: 
There  was  a  significantly  greater  percent  of  r's  than  p's,  and  p's 
than  q's.  The  greatest  percent  of  p's  and  q's  were  found  in  the 
profusion  category  1.  The  greatest  percent  of  r's  were  found  in 
profusion  category  2. 

SPIROMETRY  AND  UJNG  VOLUMES 

Comparison  of  the  subjects  with  p  and  q  opacities  with  the 
control  subjects  is  found  in  Figure  21.  Both  the  subjects  with  p 
and  those  with  q  opacities  had  slightly  but  significantly  lower 
mean  FVC  and  FEV^  than  the  control  groups.  The  residual  volume  was 
significantly  larger  in  both  p  and  q  opacity  groups  than  the  control 

differences  rests  on  the  analysis  of  the  data  of  mean  age  and  years 
underground.  Statistical  tests  were  only  applied  to  one  category 
of  the  time-groupings,  those  miners  who  had  spent  thirty  to  forty 
years  underground .  In  this  group  the  differences  between  p  and  q 
and  between  q  and  r,  but  not  between  p  and  r,  were  significant  at 
the  five  percent  level. 
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group.  Total  lung  capacity  did  not  differ  significantly  between 
the  subjects  with  p  and  q  opacities  and  the  controls.  In  regard 
to  the  FEV1/FVC  percent  and  the  FEF  only  the  p  group  showed 
slightly  but  significantly  lower  values  than  the  control  group. 

COMPLICATED  PNEUMOCONIOSIS  (PMF) 

Of  the  187  coal  miners  found  to  have  PMF,  f>0  (26.7  percent) 
had  p  opacities  as  a  background;  89  (1*7.6  percent)  had  q  opacities; 
and  1*8  (25*7  percent)  had  r  opacities  as  a  background.  The 
prevalence  of  p,  q,  and  r  opacities  in  simple  pneumoconiosis  are 
compared  with  the  prevalence  of  background  small  opacities  p,  q, 
and  r  in  complicated  pneumoconiosis.  In  comparison  to  their 
prevalence  in  simple  pneumoconiosis,  r  opacities  as  the  background 
lesion  are  significantly  increased  at  the  expense  of  q  in  PMF  (see 
Figure  22). 

REGION 

The  data  for  region  are  shown  in  Figure  23*  None  of  the 
differences  were  significant. 

SMOKING  HISTORY 

Figure  2i*  shows  the  smoking  status  of  the  subjects  with  PMF 
and  background  opacities  of  p,  q,  and  r  type.  In  each  type  of  back¬ 
ground  opacity  there  appeared  to  be  fewer  non-smokers  than  current 
smokers  or  ex-smokers.  However  the  numbers  are  small  and  none  of 
these  differences  was  significant. 
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AGE  AND  YEARS  UNDERGROUND 


The  data  for  mean  age  are  shown  in  Figure  25  and  for  the  mean 
number  of  years  spent  underground  in  Figure  26.  There  were  no 
significant  differences  in  either  mean  age  or  the  mean  number  of 
years  spent  underground  between  the  three  types  of  background  opacities 
in  PMF.  These  findings  contrast  to  those  found  in  simple  pneumoconi¬ 
osis  where  the  q's  were  significantly  younger  on  average  and  had 
worked  fewer  years  underground  than  the  p's,  and  the  p's  in  turn 
were  younger  and  had  worked  fewer  years  under ground  than  the  r's 
(see  Figures  27  and  28).  The  sample  sizes  are  too  small  to  allow 
meaningful  comparisons  between  both  stage  of  PMF  and  background 
opacities  simultaneously.  No  regional  comparison  of  the  mean  age 
and  number  of  years  spent  underground  for  PMF  by  type  of  background 
rounded  opacity  could  be  made  for  the  same  reason. 

PROFUSION  CATEGORY 

The  data  are  presented  in  Figures  29  and  30.  In  the  subjects 
with  PMF  a  greater  percent  of  the  q's  than  of  the  p's  than  of  the  r's 
were  seen  in  background  profusion  categories  1  and  2,  while  a  greater 
percent  of  the  r's  than  of  the  p's  and  q's  were  found  in  background 
profusion  category  3«  Thus  the  same  trend  of  more  q's  with  less 
profusion  and  more  r's  with  greater  profusion  of  background 
opacities  is  seen  with  complicated  pneumoconiosis  as  was  seen  in 
the  subjects  with  only  simple  CWP  (see  Figures  19  and  20).  However 
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the  differences  are  not  significant  in  PMF  as  they  were  in  simple 
CWP.  The  results  of  the  comparison  of  the  "mean"  profusion  category 
by  type  in  both  simple  CWP  and  PMF  are  shown  in  Figure  31*  Whereas 
the  mean  increased  by  k7  percent  for  p  and  by  kS  percent  for  q 
from  simple  to  complicated  CWP,  it  only  increased  by  15  percent 
for  r. 


STAGE  OF  PMF 

The  results  of  the  comparison  of  the  extent  of  PMF  by  type 
of  background  opacity  are  shown  in  Figures  32  and  33 •  The  pattern 
is  similar  to  the  distribution  of  types  of  background  opacities  by 
profusion  category  seen  among  subjects  with  simple  pneumoconiosis, 
namely,  that  q  and  p  opacities  occurred  more  frequently  in  the 
stage  A  PMF  and  r  opacities  occurred  more  frequently  than  p  or 
q  in  the  stage  C  PMF. 
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DISCUSSION 


The  findings  of  this  report  indicate  that  p,  q,  and  r  are  not 
arbitrary  divisions  of  a  continuum  of  radiographic  opacities  repre¬ 
senting  a  simple  accumulation  of  inert  coal  dust  in  macules  in  the 
lung.  If  this  were  so,  one  would  have  found  increasing  dust 
exposure  as  one  examined  the  p,  q,  and  r  subject  groups  in  order. 

The  finding,  then,  that  the  middle-sized  lesion  (q)  was  seen  in  coal 
workers  with  the  least  dust  exposure  suggests  that  the  different 
types  of  opacities  differ  not  only  in  size  but  in  pathogenesis. 

There  are  two  broad  categories  of  factors  (external  agents 
and  host  factors)  which  could  affect  what  type  of  lesion  develops. 
Assuming  that  the  sole  external  agent  is  coal  dust,  then  there  might 
be  two  general  groups  of  subjects  whose  bodies  ’’respond  to”  or  allow 
the  deposition  of  dust  in  different  degrees.  The  more  populous  group, 
the  q  responders,  would  respond  to  a  larger  degree  to  a  smaller 
amount  of  dust  than  the  p  responders.  Two  factors  which  were  measured 
which  might  affect  host  response  are  the  age  of  the  host  and  his 
smoking  history.  The  data  show  that  the  age  of  the  host  does  not 
correlate  with  the  type  of  opacity  present  beyond  its  correlation 
with  dust  exposure. The  smoking  history  data  did  not  vary 

1.  Years  underground,  a  rough  but  convenient  measure  of  dust 
exposure,  and  age  are  interrelated.  A  man  who  has  worked  longer 
underground  will  be  older  and  vice  versa,  all  other  things  being 
equal.  That  the  differences  between  types  are  more  striking  when 
years  underground,  as  opposed  to  age,  is  looked  at  suggests  that 
dust  exposure  rather  than  age  is  directly  related  to  the  type  of 
opacity  seen. 
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significantly  according  to  type.  In  conclusion,  then,  one  must 
consider  the  possibility  that  subjects  with  p  and  q  opacities  demon¬ 
strate  two  different  responses  to  the  same  external  factor.  However 
the  two  factors  analyzed  here  which  might  affect  host  response,  age 
and  smoking  history,  appeared  to  have  no  bearing  on  the  existence 
of  one  or  the  other  type  of  opacity. 

In  addition  to  host  factors,  extrinsic  factors  may  predispose 
to  the  development  of  one  or  another  type  of  rounded  opacity.  Thus 
the  type  of  dust  to  which  a  miner  is  exposed  may  be  more  significant 
than  the  amount  of  dust  in  determining  the  type  of  opacity  which 
develops.  The  nature  of  the  dust  can  vary  significantly  from  mine 
to  mine.  Schlick  and  Fannick's  description  of  the  analysis  of  coal 
gives  some  idea  of  the  composition  of  the  coal  dust: 


United  States  coal  is  analyzed  on  the  basis  of 
four  items:  (l)  water  (moisture);  (ii)  mineral 
impurity  (ash)  left  when  the  coal  is  completely 
burned;  (iii)  volatile  matter,  consisting  of  the 
gases  driven  out  when  the  coal  is  heated;  and 
(iv)  fixed  carbon,  which  represents  the  coke-like 
residue  that  burns  at  greater  temperatures  after 
the  volatile  matter  is  driven  off.  (3) 

Moreover  they  warn  that  "Because  there  are  so  very  many  varities  of 
bituminous  coal  in  the  United  States,  a  typical  chemical  analysis 
is  not  meaningful."  (3)  Figure  1,  Appendix  gives 
examples,  though  not  representative,  of  the  analysis  of  different 

ranks  of  coal.  Figure  2,  Appendix  shows  the  geographical  distribution  of 
coal  in  the  United  States  by  rank-classification. 


1.  For  definition  of  rank  see  the  Appendix  -  "Rank." 
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A  relationship  between  the  rank  of  coal  mined  and  the  incidence 
of  pneumoconiosis  was  proposed  by  Hart  and  Aslett  in  19h2.  (U)  Subse¬ 
quent  British  studies  have  confirmed  their  hypothesis  that  the  higher 
the  rank  of  coal  mined,  the  greater  the  chance  of  CWP  developing.  In 
1968  W.  K.  G.  Morgan  reviewed  the  U.S.  literature  on  such  a  relation¬ 
ship  (5)«  From  a  review  of  seven  studies  of  the  prevalence  of  CWP 
in  six  different  regions  of  Appalachia,  he  concluded  that  the  U.S. 
experience  supported  the  ’’rank  hypothesis”  of  Hart  and  Aslett  which 
had  been  borne  out  in  Great  Britain.  Studies  conducted  by  the  United 
Stfctes  Public  Health  Service  from  1963  to  1965  in  the  West,  Midwest 
and  various  regions  of  Appalachia  also  support  the  "rank  hypothesis”  (6). 

The  data  from  the  present  study  indicate  that  rank  per  se 
does  not  contribute  directly  to  the  differential  prevalence  of 
rounded  opacity  type.  However  the  significance  of  the  regional 
differences  in  the  prevalence  of  each  type,  the  striking  inverse 
relationship  of  p  and  q  prevalences  by  region  and  the  similarity  in 
the  prevalence  patterns  and  rank  order  progression  (except  for  the 
one  inconsistency  noted  between  regions  I  and  II)  all  speak  for  the 
role  of  an  extrinsic  factor  closely  related  to  rank  of  coal  in  the 
differential  prevalence  of  rounded  opacity  types. 

Such  a  factor  could  be  the  silica  content  of  the  dust,  included 
in  the  ash  in  the  chemical  analysis  of  the  coal.  The  anthracite 
class  of  coal  is  known  to  have  a  much  higher  silica  content  than  any 
of  the  "softer”  coals  and  also  has  by  far  the  highest  ash  content. 

However  silica  content  cannot  be  taken  to  be  directly  proportional 
to  ash  content  and  there  are  no  available  measures  of  silica  content 
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by  seam.  The  attempt  to  relate  silica  exposure  to  the  development 
of  one  or  another  rounded  opacity  is  further  complicated  by  the 
fact  that  the  silica  content  of  the  dust  will  vary  not  only  accord¬ 
ing  to  the  amount  of  silica  in  the  coal  but  even  more  on  the  quantity 
of  roof  or  floor  which  is  cut.  (in  this  regard  it  is  worth  noting 
that  seams  in  the  anthracite,  C.  Pa.  &  S.  App.  regions  tend  to  be 
relatively  thin  [2U-36" ]  with  rock  strata  above  and  below  the  coal, 
necessitating  a  high  degree  of  roof  and  floor  cutting.)  The  rate 
of  mining,  dust  suppression  techniques  employed  and  the  method  and 
quantity  of  ventilation  will  also  affect  the  quantity  of  airborne 
dust  to  which  an  underground  worker  is  exposed. 

To  sum  up:  The  middle-sized  lesion,  q,  appears  to  be  the 
"common"  opacity — it  is  most  prevalent  and  it  is  seen  with  the  least 
dust  exposure,  p  is  smaller  than  q,  and  one  would  think  it  to  be  the 
precursar  of  q.  However,  if  this  were  true  one  would  expect  to  see 
more  p's,  and  see  them  at  lower  dust  exposures,  than  q's.  One 
explanation  for  the  relationship  of  p  and  q  is  that  p  represents 
simple  dust  accumulation,  a  relatively  slow,  benign  process  that 
rarely  occurs  uninfluenced  by  extrinsic  factors  such  as  silica.  Such 
an  extrinsic  factor  could  frequently  at  an  early  stage  incite  a  host 
response  producing  a  lesion  represented  by  the  q  type  opacity  on 
chest  x-rays."*”  More  data,  both  with  regard  to  the  silica  content 

1.  Theoretically,  the  p's  may  be  the  few  who  are  unresponsive 
to  the  extrinsic  factor,  rather  than  the  few  who  have  not  been 
exposed  to  it  although  our  regional  analysis  speaks  strongly  for 
exposure  as  an  essential  modulator  of  an  extrinsic,  dust-related 
factor. 
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of  the  dust  and  the  pathological  correlates  of  the  x-ray  findings, 
are  needed  to  confirm  such  an  hypothesis. 

We  have  dealt  only  with  p  and  q  so  far  in  this  discussion 
partly  because  a  comparison  of  three  types  is  too  verbally  cumbersome 
but  also  because  the  gathered  evidence  which  contradicted  the  theory 
of  simple  dust  accumulation  was  in  regard  to  the  dust  exposures  for 
p  and  q,  not  r.  r-type  opacities  were  seen  with  the  most  dust 
exposure.  Previously  acquired  evidence  suggests  that  the  r-type 
opacity  represents  in  part  a  host  response  to  accumulated  dust. 
Rossiter  noted  that  the  r-type  opacity  is  an  exception  to  the  general 
rule  that  increasing  category  of  simple  CWP  in  coal  workers  is  a 
direct  result  of  dust  accumulation  in  the  lung.  In  his  study 
"eleven  radiographs  were  found  where  at  least  one  reader  recorded 
r(n),  and  for  10  of  these  11  the  radiographic  score  was  greater  than 
that  predicted  from  the  lung  dust  (Figure  k)  >  suggesting  that  such 
a  pattern  is  evidence  of  some  response  to  dust  as  well  as  simple 
accumulation,  or  that  these  opacities  lead  to  overreading"  (7)» 

The  data  from  this  study,  that  r's  are  seen  infrequently,  that  they 
follow  no  regional  pattern  referrable  to  p  and  q,  and  that  they  are 
seen  with  much  longer  dust  exposures  than  p  or  qs  all  suggest  that 

r’s  are  a  "complication"  of  one  or  both  of  the  smaller  opacities 
(perhaps  an  early  form  of  PMF)  which  occurs  infrequently  and  only 

after  a  long  period  of  dust  exposure. 
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PMF  was  studied  to  determine  whether  one  or  another  of  the 
small  rounded  opacities  predisposes  to  progression  or  effects  the 
severity  of  the  complicated  disease.  In  contrast  to  simple  CWP 
there  are  relatively  more  subjects  who  have  a  background  of  r 
opacities  in  PMF.  Cochrane,  in  a  study  of  the  relation  of  several 
factors  to  the  attack  rate  of  PMF,  found  that  only  the  profusion 
category  of  simple  pneumoconiosis  was  related  to  the  attack  rate, 
the  attack  rate  increasing  with  increasing  profusion  category. (8) 
Thus,  the  greater  proportion  of  r’s  with  PMF  may  simply  represent 
the  greater  proportion  of  r's  with  higher  profusion  categories  of 
simple  pneumoconiosis.  Also,  in  contrast  to  the  findings  in  simple 
CWP,  there  was  no  difference  in  either  mean  age  or  mean  years  under¬ 
ground  between  the  three  types  of  background  rounded  opacities 
(p,  q,  r)  in  PMF.  This  suggests  that  a  certain  amount  or  length 
of  dust  exposure,  rather  than  the  type  of  opacity  of  simple 
pneumoconiosis  present,  is  important  in  determining  progression 
to  PMF.  Since  r‘s  are  seen  more  frequently  with  longer  exposure, 
an  r  is  more  likely  than  a  p  or  a  q  to  progress  to  PMF.  Thus  it 
appears  that  it  is  not  the  r  opacity  per  se  but  the  factors  which 
are  more  frequently  associated  with  r  opacities— namely,  higher 
profusion  category  and  longer  periods  of  dust  exposure — which  con¬ 
tribute  to  its  relatively  increased  prevalence  in  PMF. 

Subjects  with  a  background  of  r  opacities  are  more  likely 
to  have  a  severe  form  of  PMF  than  are  those  with  p,  and,  in  turn, 
those  with  q  opacities  as  a  background.  One  explanation  for  this 
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lies  in  the  observation  of  Cochrane  et  al.  that  initial  radiographic 
area  of  involvement  by  pneumoconiosis  is  related  to  progression  of 
PMF,  those  with  the  larger  initial  areas  being  more  likely  to  progress 
more  rapidly.  Cochrane  suggests  "that  some  active  process  on  the 
surface  of  the  mass  was  involved  in  causing  the  mass  to  increase  in 
area  proportional  to  the  original  area.”  (9)  If  such  a  mechanism 
of  action  is  operating  it  seems  reasonable  to  assume  that  the  largest 
coal  macules  represented  by  the  r  type  opacity  would  provide  a  larger 
surface  for  such  activity  and,  thus,  would  progress  more  frequently 
and  more  rapidly  to  the  more  severe  types  of  PMF. 

In  summary,  then,  the  observations  made  here  on  the  relation¬ 
ship  of  rounded  opacity  type  to  PMF  suggests  two  things.  First,  that 
the  length  of  dust  exposure  affects  degree  of  profusion  of  rounded 
opacities  which  in  turn  determines  the  likelihood  of  progression  of 
simple  coal  workers  pneumoconiosis  to  PMF.  Subjects  with  r  opacities 
have  a  greater  likelihood  to  develop  PMF  than  their  counterparts  with 
p  and  q  lesions,  not  because  of  the  nature  of  the  r  opacity,  but 
because  of  the  greater  dust  exposure  and  increased  profusion  found 
in  subjects  with  the  r  opacity.  Secondly,  the  type  of  opacity  may 
affect  the  severity  of  the  PMF,  the  largest  opacities,  r's,  being 
more  disposed  to  more  severe  PMF. 
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Although  an  analysis  of  the  smoking  history  of  miners  was  not 
a  primary  objective  of  this  study,  in  studying  the  smoking  history 
of  the  miners  for  differences  in  prevalence  of  smoking  among  sub¬ 
jects  with  different  rounded  opacities,  and  in  controlling  for 
smoking  in  the  study  of  lung  function,  it  was  noted  that  an  extra¬ 
ordinary  number  of  all  the  miners  in  the  study  (50.3$)  were  smokers 
and  a  sizable  group  {29*2%)  were  ex-smokers,  leaving  only  a  small 
minority  (20.5$)  of  the  miners  studied  who  had  never  smoked.  This 
suggests  either  that  smoking  contributes  to  the  development  of 
rounded  opacities  non-specifically  or  that  American  miners  as  a 
group  smoke  more  than  their  fellow  citizens.'*’  If  the  latter  is 
true,  then  coal-workers  must  be  viewed  as  a  group  at  risk  for  the 
pulmonary  diseases  resulting  from  tobacco  smoking  as  well  as  those 
resulting  from  the  inhalation  of  coal  dust.  A  corollary  to  this  is 
that  in  studying  the  pulmonary  disease  of  coal -workers  it  is 
essential,  although  difficult,  to  distinguish  the  effects  of  one 
from  the  other  and  to  consider  the  possibility  of  their  interaction. 


1.  The  latter  appears  to  be  the  case.  A  study  of  1,81*0 
industrial  men  aged  thirty  to  sixty-five,  working  in  New  Haven, 
Connecticut  in  1972-73  showed  that  799  (h3%)  were  cigarette  smokers, 
172  (9$)  were  ex-smokers  and  869  (U8$)  had  never  smoked.  (10) 

Thus,  there  are  more  smokers  and  many  more  ex-smokers  among  the 
coal-mine  workers  studied  than  among  a  control  group  of  industrial 
working  men. 
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Studies  relating  lung  function  to  type  of  opacity  in  simple 
pneumoconiosis  have  failed  to  show  any  significant  deviation  from 
expected  values  for  the  standard  spirometric  tests  of  lung  function 
and  certain  volumes  that  specifically  relate  to  the  type  of  opacity. 
However,  using  the  single-breath  diffusing  capacity,  several  authors 
(Lyons  et  al. ,  [ll].  Cotes  et  al.  £  12 1 ,  Seaton,  Lapp  and  Morgan 
(13)  )  have  found  that  the  p  type  of  opacity  is  associated  with  a 
lower  diffusing  capacity  than  the  q  type.  Subjects  with  r  opacities 
have  not  been  studied  because  of  the  paucity  of  subjects.  Cotes  (12) 
also  found  significant  airway  obstruction  in  subjects  with  q  opacities 
on  more  refined  testing,  and  more  compliant  lungs  in  subjects  with  p 
type  opacities.  Cotes  postulated  that  p  opacities  are  associated 
with  an  increase  in  the  tissue  of  the  lung  parenchyma,  an  unstable 
condition  allowing  progression  to  either  or  both  focal  emphysema 
and  interstitial  fibrosis.  Lapp  and  Seaton  (lit),  in  a  sophisticated 
study  of  lung  mechanics,  observed  neither  the  increased  elastic 
recoil  expected  with  interstitial  fibrosis  nor  the  decreased  elastic 
recoil  expected  with  focal  emphysema  of  a  diffuse  nature.  They  did 
observe  frequency  dependence  of  dynamic  compliance  in  both  p  and  q 
types  of  opacities,  but  there  were  no  differencesbetween  the  two. 

They  proposed  that  there  is  an  increased  resistance  to  air  flow  in 
small  peripheral  airways  in  both  types,  accounting  for  the  frequency 
dependence  of  dynamic  compliance  and  the  other  mechanical  changes 
they  observed.  This  increased  peripheral  resistance  is  consistent 
with  the  normal  standard  spirometric  tests  (since  80  percent  of 
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airways  resistance  resides  in  the  larger  airways)  and  with  the  site 
and  pathological  features  of  the  coal  macule,  which  is  located 
around  the  respiratory  bronchioles. 

The  data  in  this  report,  confined  to  spirometric  tests  and 
static  volumes,  are  consistent  with  the  previous  report  of  an  increase 
in  RV  in  both  q  and  p  types  of  opacities.  A  second  set  of  findings 
observed  in  this  study,  not  previously  reported,  were  (l)  lower 
mean  FVC  and  FEV^  among  miners  with  p  and  q  opacities  as  compared  to 
miners  with  no  opacities;  and  (2)  reduced  FEV^  as  a  percent  of  FVC 
and  forced  expiratory  flow  at  50  percent  of  vital  capacity  exhaled 
only  in  the  p  group  and  not  in  the  q  group.  Total  lung  capacity  was 
not  significantly  different  from  the  control  miners.  The  significance 
of  this  particular  set  of  data  is  uncertain  because  the  control  group 
is  itself  contrived.  Criteria  for  selection  of  controls  required  an 
FEVi/FVC  ratio  of  70%  or  greater.  This  may  have  eliminated  from  the 
control  group  a  number  of  individuals  with  miscellaneous  pulmonary 
diseases  (unrelated  to  dust)  which  are  still  admixed  in  the 
pneumoconiosis  study  group.  The  increase  in  residual  volume  has 
been  attributed  to  early  small  airway  obstruction  (15)» 
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DEFECTS  AND  LIMITATIONS  OF  THE  STUDY 


This  study  was  based  on  prevalence  data  and,  therefore,  must 
be  limited  to  looking  at  correlations  between  type  of  rounded 
opacities  and  the  various  factors  thought  to  influence  this.  Some 
inferences  have  been  made  concerning  the  differences  in  the  types 
of  opacities  and  the  possibility  of  differing  pathogenetic  pro¬ 
cesses  being  involved.  They  are  made  with  the  awareness  that  with 
such  data  no  definitive  statements  can  be  made  concerning  cause  and 
effect  relationships.  This  study  must  be  viewed  as  an  initial 
venture  in  the  investigation  of  rounded  opacities  of  CWP,  raising 
some  questions  that  can  only  be  answered  with  further  studies. 

There  are  other  defects  inherent  in  the  methodology.  One 
must  consider  the  effects  of  the  exclusion  from  consideration  of 
subjects  with  chest  x-rays  on  which  two  of  three  readers  could  not 
agree  as  to  the  type  of  rounded  opacity  present.  There  were  1,072 
miners  in  the  survey  with  categories  1/0  to  3/3  simple  CWP  and 
rounded  opacity.  There  were  1,255  with  reader  agreement.  Such  an 
exclusion  could  indicate  that  the  differences  between  the  types  are 
not  as  clear-cut  as  consideration  of  only  the  types  represented  in 
’'pure"  form  might  suggest.  Conversely,  the  pathogenetic  differences 
in  type  could  be  greater  than  their  distinguishability  by  chest 
x-ray  viewing  might  indicate.  In  this  case,  exclusion  of  subjects 
whose  x-ray  categorization  is  unclear  might  sharpen  the  focus  of 
the  pathogenetic  differences.  The  assumption  here  would  be  that  a 
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significant  number  of  subjects  could  have  radiologic ally  indistinct 
but  pathogenetically  quite  different  lesions. 

Had  the  differences  between  p,  q,  and  r  been  a  matter  of  degree 
(e.g.  stepwise  increase  in  the  size  of  the  lesion  with  increased 
dust  exposure)  one  would  be  inclined  to  say  that  one  had  looked  at 
three  groupings  on  a  continuum  (see  Figure  31*).  However,  such  dif¬ 
ferences  of  a  middle-sized  lesion  (q)  being  seen  with  less  dust 
exposure  than  a  smaller  lesion  (p)  and,  in  turn,  less  than  a  larger 
lesion  (r)  do  not  suggest  a  progression  on  a  continuum.  Thus  I  am 
more  inclined  to  believe  that  the  effect  of  the  methodologic  policy 
was  to  exclude  pathogenetically  but  not  radiologic ally  (or  anatomi¬ 
cally  by  size)  distinct  entities  and  to  allow  a  sharper  study  of 
the  pathogenetic  differences.  (See  Figure  35) 

The  proposal  that  the  p  and  q  types  of  opacities  are  patho¬ 
genetically  different  raises  questions  about  the  definition  of  the 
opacity  types.  For  example  if  the  q  lesion  arises  purely  from  the 
silica  in  the  dust,  there  must  be  lesions  arising  from  silica  in  the 
dust  which,  in  their  incipient  stages  of  development,  are  the  size 
of  p  lesions.  By  x-ray  they  are  included  in  the  p  category  although 
pathogenetically  they  are  q’s.  Thus  a  pathogenetic  definition  of 
type  of  opacity  must  be  distinguished  frcm  a  radiological  defini¬ 
tion. 

Another  consideration  not  accounted  for  in  the  present  study 
or  in  the  U/C  classification  of  radiographs  according  to  type  of 
small,  rounded  opacity  is  the  possibility  of  the  existence  of  more 
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than  one  type  of  opacity  in  a  single  radiograph.  This  becomes  a 
more  significant  consideration  if  one  views  the  different  types  as 
different  in  their  causes  and  courses.  If  such  a  situation  exists 
then  one  must  ask  how  such  radiographs  have  been  read  in  the  present 
unitary  reading  system.  Perhaps  this  population  represents  a  signifi¬ 
cant  number  of  those  subjects  in  the  present  study  who  were  excluded 
from  consideration  because  of  reader  disagreements.  Also  possible  is 
that  such  radiographs  tended  to  be  read  in  favor  of  the  smaller  or 
larger  opacity  (probably  the  larger  opacity)  thus  biasing  the  data 
in  another  way. 

Conclusions  possible  from  the  study  are  also  limited  by  the 
lack  of  ancillary  data,  particularly  concerning  the  silica  content 
of  the  coal-mine  dust  in  various  regions  and  pathological  correlates 
of  radiologic  findings.  Other  limitations  which  are  inherent  in 
an  epidemiologic  study  of  this  kind  include  the  lack  of  knowledge 
concerning  such  factors  as  differential  drop-out  rate  from  the 
population  studied,  the  degree  of  constancy  of  regional  job  occupancy 
and  the  degree  of  correlation  of  the  number  of  years  of  underground 
coal-mine  work  with  actual  dust  exposure. 
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Figure  1 


Figure  2 


In  Figures  1  and  2  the  relative  area  under  the  curves 
for  each  type  of  opacity  is  proportional  to  the  rela¬ 
tive  incidence  of  that  type  of  opacity  observed  in  the 
study. 
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FIGURE  5 

BASIC  RADIOGRAPHIC  COMPOSITION  OF  POPULATION 


ROUNDED : 

Categories 
0/-  -  0/1 
Simple  CWP 

Categories 

1/0  -  3/3 

^Simple  CWP 
* 

* 

PMF 

TOTAL 

(agreement  p 

of  2  of  3 

21 

%  322 
* 

* 

50 

393 

readers)  q 

64 

*  880 
* 

89 

1033 

r 

0 

* 

1  53 

* 

48 

101 

total 

ROUNDED : 

83 

*  1255  18?  1527 

s|c  $  $  $  3$:  $  tf%^jz%-^*#*****^* 

(no  agreement ) * 

2234 

1072 

40 

3346 

NO  ROUNDED: 

irregular 

1662 

156 

3 

1821 

no  irregular 

2384 

0 

0 

2384 

TOTAL: 

6365 

2483 

230 

9078 

*At  least  1  of  the  3  readers  indicated  some  type 
of  rounded  opacity  present  (p,  q,  r,  pq,  pr, 
qr ,  pqr-)  --but  there  was  no  agreement  of  2  bf 
3  readers  as  to  a  rounded  type. 

Note:.  The  sub-population  to  be  studied  in  detail 
is  enclosed  within  the  area  of  the  asterisks. 
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FIGURE  6 


REGIONAL  DISTRIBUTION  OF  POPULATION 


number 
of  mines 

number  of 
subj  ects 

percent 
of  total 

Region  I: 
Anthracite 
(E.  Pa.) 

2 

525 

5*8# 

Region  II: 
Northern 
Appalachia 
(W.  Pa.,  N.  W. 
Va. ,  Sc  Ohio) 

7 

237;4 

26.2$ 

Region  III: 
Central  Pa.  & 
Southern 
Appalachia 
(C.  Pa.,  S.  ¥. 
Va. ,  Va. ,  E. 

K j. ,  &  Ala. ) 

15 

3962 

43.6$ 

Region  IV: 
Midwest 
(Ky. ,  Ind.,  & 
Ill.) 

4 

1236 

13.6$ 

Region  V: 

West 

(Col.  &  Utah) 

3 

983 

10.8$ 

Total : 

31 

9078 

100.0$ 
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FIGURE  7 


OF  p,  q,  r  TYPE  OPACITIES  BY  REGION 


p 

Q. 

r 

Total 

54 

86 

12 

152 

°/o 

35.5 

56.6 

7.9 

# 

131 

270 

14 

415 

% 

31.6 

65.1 

3.3 

# 

102 

338 

21 

461 

% 

22.1 

73.3 

4.6 

# 

30 

138 

3 

171 

% 

17.5 

80.7 

1.8 

# 

5 

48 

3 

56 

8.9 

85.7 

5.4 

# 

322 

880 

53 

1255 

nf 

70 

25.7 

70.1 

4.2 

Total 
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p  and  q  type  opacities  have  significant  reciprocal  regional 
prevalence  patterns.  The  regional  prevalence  pattern  of 
r  bears  no  relation  to  those  of  p  and  n. 

THE  REGIONAL  DISTRIBUTION  OF  SMALL  ROUNDED  OPACITIES  (p,  q,  and  r) 


IN  SIMPLE  COAL  WORKERS'  PNEUMOCONIOSIS 
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FIGURE  .9 

SMOKING  HISTORY  BY  TYPE  OF  ROUNDED  OPACITY  -  SIMPLE  CWP 


E 

a 

r 

Total 

# 

175 

U29 

27 

631 

Smokers 

% 

51.3 

148.7 

50.9 

50.3 

Ex- 

# 

79 

268 

20 

367 

Smokers 

% 

2b  S 

30.  U 

37-7 

29.2 

Non- 

Smokers 

# 

68 

183 

6 

257 

(Never) 

% 

21.1 

20.8 

113 

20.5 

Total 

§ 

322 

880 

53 

1,255 

The  number  of  smokers  does  not  differ  significantly 
according  to  type  of  opacity. 
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FIGURE  10 

AGE 


R 

#  £ 


£L9 

0 

20-29 

1 

0.3 

30-39 

13 

U.O 

U0-U9 

7b 

23.0 

50-59 

185 

57.5 

60  + 

h9 

15.2 

322 


a 


# 

$ 

# 

* 

0 

0 

30 

3.U 

0 

81 

9.2 

1 

1.9 

268 

30.5 

7 

13.1 

Ull 

1*6.7 

36 

68.0 

90 

10.2 

9 

17.0 

880 

53 

r 


Age  (in  years) 

The  distribution  curve  for  r  densities  is  significantly  shifted  toward  the  older 
decades  in  comparison  to  p,  and,  in  turn,  to  q. 
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FIGURE  11 

j  AGE  BY  PERCENT  OF  TYPE  IN  TEN-YEAR  GROUPS  -  SIMPLE  CWP 
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F IGUEE  12 
YEARS  UNDERGROUND 


£ 

a 

r 

Years 

Under¬ 

ground: 

# 

% 

Cum. 

# 

Cum. 

% 

# 

$  Cum. 
# 

Cum 

$ 

# 

% 

Cum 

# 

•  Cum 
% 

0 

12 

3-7 

3.7 

29 

3-3  29 

2.3 

1 

1.9 

1 

1.9 

1-9 

13 

l*.o 

25 

7.7 

86 

9.8  115 

13.1 

0 

0 

1 

1.9 

10-19 

27 

8.1* 

52 

16.1 

109 

12.1*  221* 

25-5 

5 

9-1* 

6 

11.3 

20-29 

111  31*. 5 

163 

50.6 

326 

37.0  550 

62.5 

10 

18.9 

16 

30.2 

30-39 

110  3U.2 

273 

81*. 8 

21*1* 

27.7  791* 

90.2 

25 

1*7.2 

1*1 

77.1* 

l*o  + 

1*9  15*2 

322 

100.0 

86 

9.9  860  100.0 

12 

22.6 

33 

100.0 

322  880  53 
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FIGURE  13 

YEARS  UNDERGROUND:  PERCENT  OF  TOTAL  SUBJECTS  BY  TYPE  CUMULATIVELY 

Years  £  3  £ 


Under- 

groundcum. 

%  of 

cum. 

%  of 

cum. 

%  of 

# 

total 

# 

total 

# 

total 

0 

12 

1.0 

29 

2.3 

1 

0.1 

0-9 

25 

2.0 

115 

9.2 

1 

0.1 

0-19 

52 

U.2 

22k 

17.8 

6 

0.5 

0-29 

163 

13.0 

550 

ii3.8 

16 

1.3 

0-39 

273 

22.0 

79k 

63.U 

ill 

3.3 

0-ii0+  322 

25.6 

880 

70.2 
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Years  Underground 

The  distribution  curve  for  r  densities  is  significantly  shited  toward  the 
higher  underground  exposures  in  comparison  to  p,  and,  in  turn,  to  q. 
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YEARS  UNDERGROUND  BY  PERCENT  OF  TYPE  CUMULATIVELY  -  SIMPLE  COAL  WORKERS'  PNEUMOCONIOSIS 
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FIGURE  16:  YEARS  UNDERGROUND  BY  PERCENT  OF  TOTAL  CUMULATIVELY 
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FIGURE  17 


MEAN  AGE 

BY  REGION  FOR 

£3 

r . 

SIMPLE 

CWP 

Region 

£ 

a 

r 

# 

Age 

+ 

S.D. 

# 

Age 

+ 

S.D. 

# 

Age 

+ 

S.D. 

I 

51* 

5i*.59 

+ 

5.67 

86 

52.70 

+ 

7.03 

12 

56.67 

+ 

3-03 

II 

131 

52.61 

+ 

7-51* 

270 

1*9.61 

+ 

9.67 

11* 

53.21 

+ 

1*.28 

III 

102 

51.81 

7.20 

338 

1*9.01 

+ 

7.89 

21 

52.57 

+ 

6.17 

IV 

30 

51*. 97 

+ 

5.1*0 

138 

1*9-33 

+ 

9.1*7 

3 

61*. 33 

+ 

1.53 

V 

5 

51*. l*o 

+ 

5.86 

1*8 

50.1*2 

+ 

9-32 

3 

61.00 

+ 

3.61 

Total 

322 

52.91* 

+ 

7.01 

880 

1*9.68 

+ 

8.78 

53 

51*. 71 

*4" 

5.72 

C  ' 


FIGURE  18 


MEAN  YEARS  UNDERGROUND  BY 


Region  £ 


# 

Years 

U.  G. 

+ 

S.D. 

# 

I 

5U 

31.39 

+ 

10.79 

86 

II 

131 

27.56 

+ 

12.1*5 

270 

III 

102 

27.65 

+ 

9.H5 

338 

IV 

30 

28.27 

+ 

11.76 

138 

V 

5 

26.60 

+ 

17.81 

U8 

Total  322 

28.28 

+ 

11.31; 

880 

regin  FOR 

£>  r. 

SIMPLE  CWP 

a 

r 

Years 

U.  G. 

+ 

S.D. 

# 

Years 

U.  G. 

+ 

S.D . 

27.  hi 

+ 

10.32 

12 

3U.92 

+ 

12.1*6 

25.66 

+ 

13*31 

1U 

30.71 

+ 

7.95 

25.73 

+ 

9*99 

21 

32.00 

+ 

7*81 

22.57 

+ 

12.91 

3 

ii7.00 

+ 

2.65 

23.35 

+ 

12.10 

3 

25.67 

+ 

8.7U 

25-25 

+ 

11.77 

53 

32.81 

+ 

9.61 

FIGURE  19 
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BY  PRO! 

Profession 

E 

Category 

# 

* 

1 

198 

61.1*9 

2 

109 

33-85 

3 

15 

U.66 

Total 

322 

SION  CATEGORY.  SIMPLE  CWP 
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# 

% 

# 

% 

621 

70.57 

16 

30.19 

233 

26.1;8 

26 

E9.C6 

26 

2.96 

11 

20.75 

880 

53 
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FIGURE  20 

PERCENT  OF  TYPE  BY  PROFUSION  CATEGORY 


Profusion  Category 

A  significantly  greater  percent  of  q's  than  p’s  than  r’s.are 
seen  at  low  profusion  categories. 
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FIGURE  21 

MEAN  PFT's:  NON-SMOKING  p,  q  +  CONTROLS 
(means  adjusted  for  age  and  height) 


£ 

#  65 

PFT 

FVC  k-7k96 

(L.) 

FEV-j^  3.61*52 

(L.) 

TLC  7-1886 

(L.) 

RV  2.1*390 

FEV-l/FVC  76.5331 

{%) 

FEF^0  U.9237 

(L.) 


£ 

c 

179 

601 

U-7216 

it. 9920 

3-7090 

3.9569 

6.9713 

6.9538 

2.21*97 

1.9617 

78.3936 

79.3U6U 

5.21*51* 

5.1920 
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FIGURE  22 

SIMPLE  CWP  +  PMF  BY  TYPE  OF  ROUNDED  OPACITY 


# 

£ 

% 

# 

a 

* 

r 

#  * 

Total 

# 
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FIGURE  2h 

SMOKING  HISTORY  BY  TYPE  -  PMF 
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FIGURE  25 

MEAN  AGE  BY  TYPE  &  PMF  CATEGORY 


# 

P 

Avg. 

age 

# 

a 

Avg. 

age 

# 

r 

Avg. 

Age 

Tot  al 

Avg. 
#  Age 

A 

2k 

51i.79 

53 

55.1*6 

19 

55.1+2 

106 

55.3 

B 

20 

56.85 

25 

55.2lt 

19 

57.21 

61* 

56.3 

C 

6 

53.83 

1 

58.00 

10 

53.80 

17 

51*.l 

Total 

50 

55.50 

89 

55.1i3 

118 

55.79 

187 

+  5*92 

+  5.21 

+U.22 

52 


FIGURE  26 


MEAN  YEARS  UNDERGROUND  (UG)  BY  TYPE  &  PMF  CATEGORY 
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MEAN  AGE  BY  TYPE  —  SIMPLE  CWP  vs  PMF 
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PROFUSION  CATEGORY  BY  TYPE  --  PMF 
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FIGURE  30 

PERCENT  OF  TYPE  BY  PROFUSION  CATEGORY  IN  PMF 
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The  profusion  category  in  PMF  does  not  vary  significantly 
according  to  type. 
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FIGURE  32 

PMF  CATEGORY  BY  TYPE 
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FIGURE  33 

STAGE  OF  PMF  BY  PERCENT  OF  TYPE 

i 


PMF  Category 


A  significantly  greater  percent  of  q's  than  p's  than  r's 
are  seen  as  the  background  in  the  milder  stages  of  PMF. 
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APPENDIX 

Definitions  of  Coal  Workers  Pneumonoconiosis 

Coal  workers'  pneumonoconiosis  as  used  here  is  defined  anatomi¬ 
cally  as  the  accumulation  of  coal-mine  dust  in  the  lungs  and  the  tissue 
reaction  to  its  presence.  The  ante-mortem  diagnosis  is  made  on  the 
basis  of  finding  one  of  the  characteristic  abnormal  chest  x-ray  patterns 
and  a  positive  history  of  dust  exposure  while  working  in  a  coal  mine. 
(16).  Simple  coal-workers'  pneumoconiosis  refers  to  a  condition  where 
the  x-ray  pattern  is  one  of  small  opacities,  less  than  1  cm.  in  diam. 

In  Complicated  CWP  or  Progressive  Massive  Fibrosis  (PMF)  there  are 
rounded  masses,  greater  than  one  cm.  in  diameter  and  often  several 
centimeters  in  diameter,  seen  on  CXR  in  one  or  both  upper  lung  field, 
and  frequently  with  central  cavitation.  PMF  is  a  highly  controversial 
lesion.  It  has  been  shown  to  develop  much  more  frequently  in  miners 
with  categories  2  or  3  of  simple  CWP  than  in  those  with  category  1 
and  to  develop  sometimes  in  the  absence  of  further  dust  exposure. 

Thus  it  is  considered  by  many  to  be  a  complication,  not  attributable 
only  to  the  physical  presence  of  the  dust  in  the  lungs.  (17) 
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APPENDIX 

Radiologic  categorizations  in  coal  workers !  pneumoconiosis : 

The  commonly  used  classification  system  is  the  UICC/Cincinnati 
system  of  1970  (U/C),  a  modification  of  the  previously  standard  ILO 
1958  scheme.  In  the  U/C  system  chest  x-rays  are  described  according 
to  the  type,  profusion,  and  extent  of  the  opacities  seen.  The  type 
is  described  as  either  small  or  large,  rounded  or  irregular,  calcified, 
etc.  The  small  rounded  opacities  are  divided  into  three  categories, 
p,  q,  and  r  according  to  the  approximate  diameter  of  the  predominant 
opacities.  Opacities  up  to  1.5  mm.  are  p  (pinhead) ;  (Figs.  36  and  37); 
those  between  1.5  and  3  0  mm.  are  q  (micronodular  (Figs.  38  and  39-); 
and  those  between  3  and  10  ram.  are  r  (nodular  (Figs.  1*0  and  1*1')*  The 
large  opacities  are  also  divided  into  three  categories.  A,  B,  and  C 
respectively  according  to  increasing  size  (Figs.  36,  1*2,.  1*3  and  1*1*). 

For  a  complete  description  of  the  U/C  classification  see  Pendergrass 
et  al.,  ( 16) .  Profusion  refers  to  the  number  of  opacities  (rounded 
or  irregular)  per  unit  area,  e.g.  per  zone.  The  profusion  is  graded 
on  a  basic  four -point  scale  --  0,  1,  2,  3*  These  categories  are  further 
subdivided  into  three  categories  each  so  that,  to  take  an  example,  a 
category  2  film  can  be  classified  as  either  2/1,  2/2,  or  2/3  depending 
upon  whether  a  1  classification  was  also  considered  (2/1),  the  film 
was  without  doubt  a  category  2  (2/2)  or  a  3  classification  was  considered 
(2/3)»  Extent  refers  to  the  area  of  lung  field  affected. 
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APPENDIX 


RANK 

The  term  ’'rank”  refers  to  certain  properties  and 
characteristics  of  coal  that  are  described  in  the  American 
Society  for  Testing  Materials  (10).  The  range  extends  from 
anthracite  at  one  extreme  to  lignite  at  the  other.  The 
higher  ranked  coals  are  in  general  the  oldest,  contain  the 
most  fixed  carbon,  have  the  greatest  calorific  value,  and 
contain  the  least  volatile  matter.”  (6) 
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FIGURE  2  (3) 
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